The market conditions that manufacturing companies are currently exposed to, leads to high demands in terms of flexibility in production and thus to a high number of engineering changes in production. In this paper, an approach will be presented to support engineering change processes, to identify the change impact within production and to process multiple engineering changes simultaneously. Therefore, the elements of production systems as well as their attributes and relations will be represented by using UML. These are used in VR to identify potential impact on other elements when changing an element. After this, a change impact matrix is deduced and a similarity analysis between changes is conducted. The measure of similarity will be used to combine multiple engineering changes to engineering change projects.
INTRODUCTION
Globalization creates an increasing number of companies struggling for customers. To ensure competitive advantage, companies are forced to individualize products and services and to quickly place them into the market. Thus, the market character has changed from a supplier driven market to a customer driven market (Aurich, 2004a; Monostori, 2003) . This market character continuously leads to altering challenges in production systems, which imply a permanent demand for engineering change. To be successful, companies have to quickly react on challenges by precisely adapting their production system to new demands (Wirth, 2000) . The result is a high number of engineering changes (ECs) that have to be processed simultaneously. Another important characteristic of today's production systems is their high complexity (Suh-Nam, 2005) . This complexity arises from the number of elements in production systems such as machines, workplaces or logistics elements and the number of their relations. This complicates the implementation of ECs into production. Consequently, while the number of ECs and the complexity of production systems are increasing, the time that is available for the implementation of ECs is decreasing.
The aim of this paper is to present a concept to quickly adapt the elements of a production system to new demands and to cope with multiple ECs simultaneously. Therefore, the paper is structured as follows: in section 2 some general aspects of EC management in production will be presented; based on these, an object model of EC management will be developed in section 3, which is the basis for the usage of VR to support engineering change, which will be presented in section 4. This will be used to analyse the engineering change impact, to determine the similarity of ECs and to derive engineering change projects for the simultaneous implementation of multiple ECs in production in section 5. Section 6 will conclude the paper with a few remarks on further research directions.
EC MANAGEMENT IN PRODUCTION
Engineering Change Management (ECM) plays an important role in manufacturing companies since it is time consuming and costly. Industrial case studies proved that it is a serious problem within manufacturing (Huang and Mak, 1999) . To handle ECM three general types of approaches can be differentiated (Do, 2002):
• The document-oriented approach focuses on adjusting the documentation, which is associated to the change object. It usually uses electronic document management systems to process engineering change requests and to keep the consistency of the documentation with the change object. Moreover, the documentation is separated from the change object.
• The process-oriented approach focuses on implementing standardised processes to manage EC and its data. The aim is to enhance EC lead time and to secure the involvement of all departments that are affected by the EC.
• The structure-oriented approach uses the structure of the change object including its relations to other objects to store and to manage the information of ECs. In this approach, the status of the change object and its documentation is tightly integrated. Engineering change is inevitable in manufacturing companies; in fact, to eliminate it is both undesirable and unrealistic since this would inhibit the chance to improve (Tavčar and Duhovnik, 2005; Clark and Fujimoto, 1991) . Therefore, the objective in ECM must be to ease the processing of changes that occur. The focus in this paper is put on supporting change execution by combining a process-oriented approach and a structure-oriented approach to handle ECs.
Engineering change processes usually are divided into specific phases. In literature, many reference processes for ECM exist. Examples can be found at Chen, Shir and Shen (2002 ), Huang and Mak (1999 ), Terwiesch and Loch (1999 or at Lindemann (1998). Based on these, a generalized model of an EC process in production systems can be divided into an initiation, realization and a postprocessing phase (Aurich, 2004b) .
• The initiation phase includes the detection of EC demands, the identification of change impact and the planning of the EC realization by developing work packages for implementation. The goal is to gather as much information as possible in an early stage of the EC process.
• During the realization phase, work packages are defined and carried out to introduce the EC into the production system. The goal is to implement ECs while still delivering products and thus to avoid or reduce downtime. The information that was acquired in the initiation phase is used here.
